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Summary. — We discuss recent results obtained by the D0 experiment at the Fer-
milab Tevatron pp¯ collider and recent combinations of CDF and D0 measurements.
Regarding the top quark mass, we present recent measurements obtained at D0,
the final Run I+Run II D0 combination, as well as the preliminary Run I+Run II
CDF+D0 combination. We also discuss the combination of the CDF+D0 measure-
ments of the pp¯ → tt¯ forward-backward asymmetry. We present the first mea-
surement of the direct CP-violating charge asymmetry in B± mesons decaying to
µ±D0X and discuss the status of the recent evidence for a four-flavor tetraquark
state seen at D0.
1. – Introduction
The Fermilab Tevatron pp¯ collider has been finally shut down in 2011, after many years
of successful running. During Run I (1992–1996) at
√
s = 1.8 TeV and Run II (2001–
2011) at
√
s = 1.96 TeV, it provided approximately 0.1 fb−1 and 10 fb−1 , respectively,
of collision data to both Tevatron experiments, CDF and D0. The analysis of Tevatron
data is not finished and new physics results are still obtained nowadays. We present here
the most recent results obtained by the D0 experiment and the recent combinations of
the CDF and D0 measurements. These new results concern top quark physics, heavy
flavor physics, and hadron spectroscopy.
2. – Top quark mass
The top quark is the heaviest known fundamental particle of the Standard Model (SM)
with a mass of ≃ 175 GeV close to the electroweak breaking scale. Precise measurements
of its mass allow for consistency checks of the SM and could also determine whether the
electroweak vacuum is unstable, metastable, or stable [1].
Within the SM, the top quark decays into a W boson and a b quark almost 100% of
the time. The different pp¯→ tt¯ channels arise from the possible decays of the pair of W
(∗) on behalf of the CDF and D0 collaborations
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bosons. To measure the top quark mass D0 and CDF perform various analyses, using
the three different channels, lepton+jets, dilepton, and fully hadronic, and employing
different methodologies. The methodologies can be classified in three families:
• The template methods are based on kinematic observables sensitive to the top quark
mass. Templates of their distributions are built, using Monte Carlo simulation
(MC) for tt¯ signal at different mtop. A likelihood fit to the data determines the
best signal template.
• The matrix element method (ME) is based on an event probability computed from
the proton parton distribution functions (PDF), the matrix elements for the qq¯ → tt¯
processes, and the transfer functions which relate detector measurements (e.g.: pT
of jets) to the top quark decay products (e.g.: pT of partons). Unmeasured quanti-
ties or quantities suffering from significant measurement uncertainty are integrated
out. A maximum likelihood fit determines the measured mass. This method needs
to be calibrated using MC events.
• The cross-section method derives the top quark mass from the measured tt¯ pro-
duction cross-section. This method measures the well defined pole mass of the top
quark, as opposed to the “MC mass” measured by the first two methods. The
difference between the pole and MC mass was estimated to O(1) GeV for many
years. In a recent work, a difference of +0.6± 0.3 GeV between the MC mass and
the pole mass is obtained in the context of an e+e− → tt¯ simulation [2]. However,
further studies would be needed to produce a similar estimate in the context of pp¯
collisions.
2
.
1. Direct measurements of the top quark mass at D0 . – D0 has recently measured
the top quark mass in the dilepton channel using the full Run II dataset of 9.7 fb−1
and the ME method [3]. This measurement uses the jet energy scale (JES) constraint
arising from the calibration procedure performed in the lepton+jets channel [4, 5], which
reduces the dominant JES uncertainty by a factor of ≈ 3. The calibration exploits the
W → qq¯′ decay of the lepton+jets channel by requiring the mass of the corresponding
dijet system to be consistent with the mass of theW boson (80.4 GeV). The dilepton ME
measurement achieves a 1.1% uncertainty: mt = 173.93± 1.61 (stat)± 0.88 (syst) GeV.
Another dilepton measurement using templates and neutrino-weighting (NW) technique
was published earlier in 2016 [6]. The NW measurements is mt = 173.32± 1.32 (stat)±
0.85 (syst) GeV. The combination between ME and NW measurements is performed
after assessing the statistical correlation which amounts to (64± 2)% [7]. The combined
value is obtained using the BLUE method [8]. It constitutes the final D0 Run II dilepton
measurement with a relative uncertainty of 0.9% below the percent level: mt = 173.50±
1.31 (stat)± 0.84 (syst) GeV.
2
.
2. Pole mass from cross section. – The technique exploits the dependence of the
theoretical prediction of the tt¯ cross section as a function of the top quark pole mass. D0
performs an extraction using the measurement of the inclusive tt¯ cross-section based on
the full Run II dataset [9]. In this analysis, the top quark mass is extracted accounting
for the dependence of the measurement as a function of the mass due to acceptance
effects and using the NNLO cross-section calculation of top++ [11]. D0 achieves a 1.9%
precision: mt = 172.8± 1.1 (theory)+3.3−3.1 (experimental) GeV.
More recently, D0 performs a similar extraction using its measured differential tt¯
cross section [12] as a function of sensitive kinematic variables: the mass of the tt¯ system
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(m(tt¯)) and the the transverse momentum of the top quarks (pT (t/t¯)). The mass is
extracted from a fit of the NLO and NNLO cross sections [13] to the unfolded D0 data.
The mass is extracted with different factorization and renormalization scale and PDF
to obtain the theory uncertainty. The measurements using NNLO calculations is mt =
169.1± 1.1 (theory)± 2.2 (experimental) GeV which achieves a 1.5% accuracy [14]. This
represents a 25% improvement over the measurement using the inclusive cross-section,
demonstrating the power of the method.
2
.
3. D0 combination. – D0 has recently produced its legacy combined result regard-
ing the direct measurement of the top quark mass [7]. The combination is based on
measurements in the lepton+jets and dilepton channels, using all the data collected in
Run I and Run II, corresponding to integrated luminosities of 0.1 fb−1 and 9.7 fb−1,
respectively. The measurement of the pole mass of the top quark based on cross-sections
is not included. The combined mass, calculated with the BLUE method and shown in
Fig. 1, is mt = 174.95±0.40 (stat)±0.64 (syst) = 174.95±0.75 GeV, which has a 0.43%
relative uncertainty. Such an accuracy is much better than what had been anticipated
at the beginning of Run II. The dominant uncertainty sources are the statistical uncer-
tainty, the JES uncertainty arising from the lepton+jets calibration (0.41 GeV, also of
statistical origin), and the signal modeling (0.35 GeV).
Top Quark Mass (GeV)
150 160 170 180 190 200
World average (preliminary 2014) 173.34  0.27 ±  0.71 GeV±
        0.76 GeV±
 cross sectiontRun II t -1         9.7 fb 172.8   0.7 ±  3.2  GeV±
         3.3 GeV±
D0 combined          174.95  0.40 ±  0.64 GeV±
        0.75 GeV±
         luminosity  syst± stat ±  tm
Run I Dileptons -1         0.1 fb 168.4  12.3 ±  3.6  GeV±
        12.8 GeV±
Run I Lepton+jets -1         0.1 fb 180.1   3.6 ±  3.9  GeV±
         5.3 GeV±
Run II Dileptons -1         9.7 fb 173.50  1.31 ±  0.84 GeV±
        1.56 GeV±
Run II Lepton+jets -1         9.7 fb 174.98  0.41 ±  0.63 GeV±
        0.76 GeV±
D0
Fig. 1. – Summary of D0 top quark mass measurements and their combination.
2
.
4. Tevatron combination. – The combined Tevatron top quark mass is using the
most recent published mass measurements of both D0 and CDF. All uncertainties and
their correlations are accounted for using the BLUE method. As for the D0 measurement,
the dominant sources of uncertainty are the statistical uncertainty, the JES uncertainty
arising from the lepton+jets calibration (0.31 GeV), and the signal modeling (0.36 GeV).
The combined mass is mt = 174.30± 0.35 (stat) ± 0.54 (syst) GeV, which has a 0.37%
relative uncertainty [10]. The summary of Tevatron measurements is presented in Fig. 2.
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)2(GeV/ctm
150 160 170 180 190 200
0
15
CDF March’07 2.6612.40 2.20)1.50 (
Tevatron combination * 0.65174.30 0.54)0.35 (
s (
CDF-II MET+Jets 1.85173.93 1.35)1.26 (
CDF-II Lxy 9.43166.90 2.80)9.00 (
CDF-II all-jets 1.95175.07 1.55)1.19 (
CDF-I all-jets 11.5186.0 5.7)10.0 (
D0-II lepton+jets 0.75174.98 0.63)0.41 (
CDF-II lepton+jets 1.12172.85 0.99)0.52 (
D0-I lepton+jets 5.3180.1 3.9)3.6 (
CDF-I lepton+jets 7.3176.1 5.3)5.1 (
D0-II dilepton * 1.56173.50 0.84)1.31 (
CDF-II dilepton 3.2171.5 2.5)1.9 (
D0-I dilepton 12.8168.4 3.6)12.3 (
CDF-I dilepton 11.4167.4 4.9)10.3 (
Mass of the Top Quark
(* preliminary)July 2016
/dof = 10.8/11 (46%)2χ
Fig. 2. – Summary of D0 and CDF top quark mass measurements and their combination.
3. – Forward-backward asymmetry in tt¯ production
The theory of strong (QCD) and electroweak (EW) interactions predicts a positive
forward-backward asymmetry in the pp¯→ tt¯ production: the (anti)top quarks tend to go
in the same direction as the incoming (anti)protons. When the measurements were first
performed at Tevatron Run II, a large departure from the SM expectations was observed
which brought a lot of excitement [15, 16, 17, 18]. Since then, the theory prediction
has been improved by including higher order QCD and EW corrections [19], and both
CDF and D0 have completed their asymmetry measurement program using dilepton and
lepton+jets channels and analyzing the full Run II dataset. They now provides the
combination of their measurements obtained with the BLUE method, accounting for all
uncertainties and their correlations [20]. As the different measurements are dominated by
the uncorrelated statistical uncertainties, the overall correlations are small, at the level
of 10%, mainly due to signal modeling uncertainty. The combination is performed for the
three asymmetries, based either on the reconstructed rapidities of the top and antitop
(∆y = yt−yt¯), or on the lepton pseudorapidities (η), or on the difference between lepton
rapidities for dilepton channels (∆η = ηℓ+−ηℓ−). Figure 3 summarizes the measurements
for the three asymmetries and their combinations, Att¯FB =
N(∆ytt¯>0)−N(∆ytt¯<0)
N(∆ytt¯>0)+N(∆ytt¯<0)
, AℓFB =
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Nℓ(q×η>0)−Nℓ(q×η<0)
Nℓ(q×η>0)+Nℓ(q×η<0)
, and AℓℓFB =
N(∆η>0)−N(∆η<0)
N(∆η>0)+N(∆η<0) , where each N represents a number
of events corrected for acceptance and efficiency effects. All combined asymmetries are
compatible within 1.3–1.6 standard deviation to the NNLO predictions of the SM.
Asymmetry (%)
20− 0 20 40
0
18
Tevatron combination  4.6±10.8 
PRD 88, 112002 (2013)
)-1D0 Dileptons (9.7 fb
 5.6±12.3 
PRL 113, 042001 (2014)
)-1CDF Dileptons (9.1 fb
 8.2± 7.6 
Tevatron combination  2.0± 7.3 
PRD 88, 112002 (2013)
)-1D0 Dileptons (9.7 fb
 3.9± 4.4 
PRD 90, 072001 (2014)
)-1D0 Lepton+jets (9.7 fb
 3.7
 3.4
 ± 5.0 
PRL 113, 042001 (2014)
)-1CDF Dileptons (9.1 fb
 6.0± 7.2 
PRD 88, 072003 (2013)
)-1CDF Lepton+jets (9.4 fb
 2.9
 3.2
 ±10.5 
Tevatron combination  2.5±12.8 
PRD 92, 052007 (2015)
)-1D0 Dileptons (9.7 fb
 6.3±17.5 
PRD 90, 072011 (2014)
)-1D0 Lepton+jets (9.7 fb
 3.0±10.6 
PRD 93, 112005 (2016)
)-1CDF Dilepton (9.1 fb
  13±  12 
PRD 87, 092002 (2013)
)-1CDF Lepton+jets (9.4 fb
 4.7±16.4 
NLO SM, W. Bernreuther and Z.-G. Si, PRD 86, 034026 (2012)
NNLO SM, M. Czakon, P. Fiedler and A. Mitov, PRL 115, 052001 (2015)
Tevatron Top Asymmetry Tevatron Preliminary
)tt
FB
y Asymmetry (A∆ tt
)l
FB
 Asymmetry (AηLepton q
)ll
FB
 Asymmetry (Aη∆Lepton 
Fig. 3. – Summary of Tevatron pp¯→ tt¯ asymmetry measurements and their combinations.
4. – CP violation in B+ → µ+νD¯0 decay
We defined a CP violating asymmetry in the decay of charge B meson as: AµD
0
=
Γ(B−→µ− ν¯µD
0)−Γ(B+→µ+νµD¯
0)
Γ(B−→µ−ν¯µD0)+Γ(B+→µ+νµD¯0)
. A non-zero asymmetry of AµD
0 ≈ 0.8% would explain
why the like-sign dimuon asymmetry measured at D0 [21] shows a deviation from the SM
at the 3.6 standard deviation level. To measure AµD
0
, we select a sample of D0 → K−pi+
candidates in the mass range 1.40 < M(Kpi) < 2.20 GeV in data recorded by single muon
triggers in 10.4 fb−1of pp¯ collisions. A simultaneous fit of the sum and difference of the B+
and B− spectrum allows to disentangle the signal from the background to measure the
raw asymmetry. Once the effects of detector asymmetries, and of known asymmetries
from physics sources are subtracted, we correct for the dilution arising from non-B+
sources of µD0 events and obtain AµD
0
= [−0.14±0.14 (stat)±0.14 (syst)]% [22], which
is in agreement with the SM expectation of 0. This is the first time this measurement is
performed on a collider.
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5. – New state X(5568) decaying to B0spi
±
]2) [MeV/cpi
s
0
M(B
5600 5700 5800 5900
2
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e
n
ts
/8
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e
V
/c
0
50
100
150
200
250
-1D0 Preliminary 10.4 fb
m(X)
Data
MC Background Simulation
Expected Signal
Fig. 4. – The m(B0spi
±) distribution in the semi-leptonic channel, together with a background
simulation and the expected signal.
Last year D0 published the first evidence for a new state decaying to B0spi
± [23],
which was observed at the 5.1 or 3.9 standard deviation level, depending on the selection
requirements. The signal is seen in the hadronic decay of the B0s meson: B
0
s → J/ψφ,
J/ψ → µ+µ−, φ→ K+K−. Its mass and natural width are measured asMX = 5567.8±
2.9 MeV and Γx = 21.9±6.4 MeV. The relatively large width indicates the decay cannot
be mediated by the weak (flavor changing) interaction, so as the 4 flavors of the final
state (u, d, b, and s) should also be present in the initial state. Therefore this might be
the first evidence for a tetraquark made of 4 different flavors. Since the first claim, LHC
experiments, LHCb [24] and CMS [25], performed similar analyses but did not observed
any significant signal. A mystery remains at the moment, why the D0 observation could
not be confirmed by LHC data.
To confirm its signal, D0 is now looking at a different channel involving the semi-
leptonic decays of the B0s mesons: B
0
s → D−s µ+νµ, D−s → φpi− and φ → K+K−.
The data are selected by searching for a Ds peak, associated with the presence of a
muon, employing similar kinematic selection as in the hadronic channel. The fraction
of Dsµ candidates arising from real B
0
s events is estimated to 90%, so as the sample
consists of ≈ 8000 B0s and approximately the same amount of combinatorial background.
Extrapolating from the yield measured in the hadronic channel, one expects to have
≈ 150 X(5568) candidates in this sample. For Summer 2016 conferences, D0 released
the invariant mass spectrum shown in Fig. 4, comparing data, a background simulation,
and the expected signal [26]. No quantitative estimate of the signal yield or of the signal
significance was made, as the modeling of the background was not settled at the time.
However, the presence of the X signal at the right place is qualitatively confirmed in
Fig. 4.
Shortly after La Thuile conference, D0 released the preliminary quantitative confirma-
tion of the X(5568) state in the semi-leptonic channel, with a significance of 3.2 standard
deviation [27].
6. – Conclusion
Five years after the shutdown of Tevatron, new measurements and new results are
appearing from the Tevatron experiments. In the realm of top quark physics, we provide
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precise measurements of the top quark mass, at 0.43% accuracy level at D0, and at 0.37%
accuracy level at Tevatron. We also provides precise measurements of the tt¯ forward-
backward asymmetries which are in agreement with the Standard Model. A new CP
violating asymmetry is measured to be compatible with 0, using the semileptonic B+
decays at D0. A new QCD state X(5568) decaying to B0spi
± is observed using hadronic
decays of the B0s mesons at D0, and is also confirmed in the semileptonic decay channels.
See Ref. [28] for more recent results arising from Tevatron.
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